In this paper some results on the Lie structure of prime superalgebras are discussed. We prove that, with the exception of some special cases, for a prime superalgebra, A, over a ring of scalars Φ with 1/2 ∈ Φ, if L is a Lie ideal of A and W is a subalgebra of 
In the non-graded case, there is a parallel situation for associative algebras with and without involution and Lie algebras. This fact was first studied by I. N. Herstein ([8] , [9] ) and W. E. Baxter ( [1] ), and after by several authors: T. E. Erickson ([5] ), C. Lanski ([15] , W. S. Martindale III and C. R. Miers ( [17] ), . . . The aim of this paper is to prove, in the setting of prime associative superalgebras over a ring of scalars Φ with 1/2 ∈ Φ, the following results, which are well known in the non-graded case. These results were proved by I. N. Herstein for semiprime, 2 torsion free rings (see Theorems 3 and 5, and Lemma 4 in [10] ), and by C. Lanski and S. Montgomery for prime rings without restriction in the characteristic (see Theorems 12 and 13, and Lemma 11 in [16] ). These results have been very useful in rings (see for example [2] , [3] , [11] , . . . ), and have also been used in superalgebras, for example, in the study of the Lie ideals of the set of skewsymmetric elements of an associative superalgebra with superinvolution (see [7] , [13] , [12] ). As these results have never been proved in superalgebras, we are interested in proving them here. To do that we take advantage of some of the ideas developed in the proofs made in [12] , [10] and [16] .
For a complete introduction to the basic definitions and examples of superalgebras, superinvolutions and prime and semiprime superalgebras, we refer the reader to [4] , [6] and [18] .
Throughout the paper, unless otherwise stated, A will denote a nontrivial prime associative superalgebra over a commutative unital ring φ of scalars with 1 2 ∈ φ. By a nontrivial superalgebra we understand a superalgebra with a nonzero odd part. Z will denote the even part of the center of A.
If Z = 0, one can consider the localization Z −1 A = {z −1 a : 0 = z ∈ Z, a ∈ A}. If A is prime, then Z −1 A is a central prime associative superalgebra over the field Z −1 Z. We call this superalgebra the central closure of A. We also say that A is a central order in Z −1 A. This terminology is not the standard one, for which the definition involves the extended centroid. We say that A is a central order in C(n) if Z = 0 and Z −1 A is isomorphic to the Clifford superalgebra of a non-degenerate quadratic space of dimension n over Z −1 Z (see Example 1.5 in [6] ).
More precisely, in this paper we mainly prove three results. Let A be a prime associative superalgebra over a ring of scalars Φ with 1/2 ∈ Φ, such that A is not a central order in C(n) n = 1, 2, 3, and let L be a Lie ideal of A then:
In the context of superalgebras when we say subalgebra, submodule or ideal, we mean graded subalgebra, submodule or ideal, respectively. 
We point out that the bracket product in Lemma 1.1, Theorem 1.2, Theorem 1.3 and Lemma 1.4 is the usual one: [a, b] = ab − ba, but the bracket product in Lemma 1.8 is the superbracket [x i , y j ] s = x i y j − (−1) ij y j x i for x i ∈ A i , y j ∈ A j homogenous elements. In fact, the superbracket product coincides with the usual bracket if one of the arguments belongs to the even part of A. In the following, to simplify the notation, we will denote both in the usual way [ , ] but we will understand that it is the superbracket if we are in a superalgebra.
Also, from now on, by an element a ∈ M, with M any Φ-submodule of a superalgebra A, we will always understand a homogenous element a ∈ M, that is, a ∈ M 0 ∪ M 1 , unless otherwise stated.
2 Lie structure of an associative superalgebra.
Let A be an associative superalgebra and M be a Φ-submodule of A. Denote by M the subalgebra of A generated by M. We will say that M is dense in A if M contains a nonzero ideal of A.
Lemma 2.1. Let A be a prime superalgebra such that it is not an order in
Proof: We notice that C(L) is a Lie ideal and a subalgebra of A. Indeed, let x, y ∈ C(L), a ∈ A and u ∈ L,
So, by Theorem 4.1 and its proof in [6] either 
, A is C(n) with n = 1, 2 or 3, a contradiction. Lemma 2.3. Let A be a prime superalgebra such that it is not an order in C(n) with n = 1, 2, 3, and 
and so
Now, from Lemma 2.6 in [18] we have a contradiction with our hypothesis about A not being a central order in C(n) with n = 1, 2, 3 (notice that in [18] the product
Again from Lemma 2.6 in [18] we have a contradiction with our hypothesis.
Lemma 2.4. Let A be a prime superalgebra such that it is not an order in C(n)
with n = 1, 2, 3, and L a Lie ideal of A such that [t, L] ⊆ Z with t ∈ A. Then either t ∈ Z or L ⊆ Z.
Proof: Consider U = {x ∈ A : [x, L] ⊆ Z}. We notice that U is a Φ -submodule of A, and it is also a Lie ideal because for every u ∈ L, x ∈ U and y ∈ A
So, U is a Lie ideal of A and from Lemma 2.3 either U ⊆ Z or L ⊆ Z.
Lemma 2.5. Let A be a prime superalgebra such that it is not an order in C(n)
Proof: Suppose that L Z. Then, from Theorem 3.2 in [18] , there exists a nonzero ideal I of A such that [I, A] ⊆ L, and [I, A] = 0 by Lemma 2.3 in [13] . If I ∩Z = 0, we localize A by Z and then Z −1 Z ∩Z −1 I = 0, so Z −1 I has invertible elements and
From Lemma 2.4 we have [Z
and by Lemma 2.3, Z −1 A ⊆ Z −1 Z, a contradiction with our assumptions. Therefore 
We prove now our first theoremt.
Theorem 2.6. Let A be a prime superalgebra such that it is not an order in C(n)
Proof: We suppose that L Z. Because of Lemma 1.6 there exists a nonzero ideal N of A such that N ⊆L.
So, suppose now that V = 0. Let 0 = u ∈ V, w ∈ W . We notice that if u is even, then [u, u] = 0, and if u is odd, then [u, u] = 0 implies that u 2 = 0. We will prove that if t, s ∈ W and u ∈ V, with [u, u] 
for every a ∈ A, therefore
because W is a subring and L is a Lie ideal of A. And also
Therefore [t, u]s[u, a] ∈ W , and so
Next we will show that
Notice also that
Using induction over i it is easy to prove that
Hence, since N is a nonzero ideal such that N ⊆L,
because of the primeness of A.
We suppose now that W is not dense, and so [t, u][u, s] = 0 for every u ∈ V such that [u, u] = 0, and for every t, s ∈ W . We will show that V = [W, L] = 0, a contradiction with our assumption. We prove this in 4 steps. Let K = [V, V ]. 
So uu ′ Luu ′ = 0, and, from Lemma 1.7, 
From Lemma 1.5, A 0 is semiprime. Also, we notice that L 0 is a Lie ideal of A 0 , and it is satisfied that 
